Purpose To establish the importance of shunt surgery combined with partial resection of the spleen for selected pediatric patients with extra-hepatic portal vein obstruction (EHPVO), enormous splenomegaly and severe hypersplenism. Severe hypersplenism is often refractory to treatment with endoscopic sclerotherapy or band ligation and shunt surgery; however, to our knowledge, this is the first such study to be published. Methods Distal splenorenal shunt with partial resection of the spleen was performed in 16 of 60 children treated for EHPVO in the Gastroenterology Department of our hospital. Upper gastrointestinal endoscopy had shown esophageal varices of varying grade in all patients and band ligation or endoscopic sclerotherapy had been done for children with a history of bleeding. The indications for surgery were pain and discomfort caused by a large spleen (5-15 cm below the costal margin) and symptomatic hypersplenism with leucopenia, thrombocytopenia, and anemia. Partial resection of the spleen was performed, starting with ligation of the branches and tributaries of the caudal two-thirds. When an ischemic line demarcated the splenic parenchyma, it was transected using electrocautery or LigaSure, leaving 20-30 % of splenic tissue. After the spleen resection, a Warren shunt was performed. Platelet and white blood cell counts and liver function tests were performed before and after the operation. Growth was assessed using SD scores (z scores) for height, weight, and body mass index at the time of surgery and 1 year later.
Introduction
Extra-hepatic portal venous obstruction (EHPVO) is one of the most frequent causes of portal hypertension in children and usually manifests as variceal bleeding and splenomegaly. Portal hypertension and bleeding esophageal varices can be managed medically and surgically. Several centers report excellent results with endoscopic sclerotherapy (EST) or band ligation alone and now surgical intervention is less frequently required. This is based on the principle that pediatric patients with EHPVO tolerate bleeding well and their symptoms may diminish as the child grows up. However, as some of these children grow older, the effects of portal hypertension persist, causing the spleen to enlarge gradually. This is accompanied by hypersplenism with decreasing cell lines in the peripheral blood [1, 2] . Massive splenomegaly with severe hypersplenism may cause major morbidity in children, who suffer pain, discomfort and growth retardation even after the successful treatment of varices with EST or band ligation. An enlarged spleen is also very susceptible to injury; however, the management of this complication of EHPVO has not been adequately addressed in the literature. Traditionally, it was treated by splenectomy with or without shunt surgery, esophagogastric devascularization procedures, or partial splenic embolization [3] [4] [5] . We highlight the role of shunt surgery accompanied by partial resection of the spleen (which also prevents overwhelming postsplenectomy sepsis) in children with massive splenomegaly and severe hypersplenism caused by EHPVO.
This study evaluates the effectiveness of partial splenectomy in children with EHPVO, massive splenomegaly, and hypersplenism, for relieving the blood indices of hypersplenism, and highlights the importance of preserving the spleen to prevent overwhelming postsplenectomy sepsis in children. We hypothesize that growth parameters in children improve after the reversal of portal hypertension and reduction of massive splenomegaly.
Materials and methods
Sixty children with variceal bleeding after endoscopic therapy underwent shunt surgery for EHPVO at Belgrade University Children's Hospital between 1999 and 2009. We created a distal splenorenal shunt (DSRS) in 48 patients, a spleno-adrenal shunt in 4 patients, a latero-lateral shunt in 6 patients, and a central spleno-renal shunt in the remaining 2 patients, who had had their spleen removed for other reasons. The subjects of this study were 16 patients who underwent partial splenectomy with DSRS following a disease course complicated by massive splenomegaly and severe hypersplenism. These 16 patients comprised 11 boys and 5 girls, with a mean age at surgery of 9 years (range 2-17 years). The degree of hypersplenism varied from mild, with a platelet count (PLT) of\100000 cells/mm 3 and a white blood cell count (WBC) of \5000 cells/mm 3 (9 patients) to severe, with a PLT count \50000 cells/mm 3 or a WBC count \3000 cells/mm 3 (7 patients). All patients had an enlarged spleen, 10-15 cm below the costal margin. Diagnosis was based on the Doppler ultrasonographic finding of an obliterated portal vein with cavernoma formation. Upper gastrointestinal endoscopy showed esophageal varices of varying degree. Those with a history of bleeding had received either endoscopic sclerotherapy or band ligation. Liver function was assessed with ultrasonography or computed tomography (CT) and standard liver function tests (LFT). All 16 children had normal liver and renal function test results.
The preoperative average PLT and WBC counts were 61.63 ± 10.44 9 10 3 cells/mm 3 and 3.08 ± 0.424 9 10 3 cells/mm 3 , respectively. Surgery was elective for all patients. The WBC and PLT counts were recorded on admission, just prior to discharge from hospital, and then 1 month and 1 year after the surgery. The general linear model and Student's t test were used to compare PLT and WBC counts before surgery with those at follow-up. Weight, height and body mass index (BMI) were measured at the time of surgery then 1 year later. Data are expressed as mean ± SD. Student's t test was used to compare z scores before and after surgery. A p value of \0.05 was considered significant.
Surgical technique
The procedure for partial splenectomy involves leaving the upper pole of the spleen supplied by the short gastric vessels and preserving the main splenic artery and vein, which are important for creating the shunt.
Laparotomy was performed via a transversal supraumbilical incision. The splenorenal ligaments, starting with the splenocolic and sometimes splenofrenic ligaments, were divided and the spleen was delivered toward the center of the wound. Beginning at the lower pole and progressing cephalad, the branches and tributaries of the caudal two-thirds of the spleen were ligated and divided. The main splenic artery and vein were left intact. After splenic devascularization, the ischemic portion of the spleen was allowed to demarcate. Before splenic resection, the devascularized spleen was compressed to ''autotransfuse'' the remaining blood back to the patient. When an ischemic line demarcated, we transected the splenic parenchyma using either electrocautery or Liga Sure. If necessary, the residual bleeding from the splenic bed was controlled with electrocautery, suture ligation of the vessels and topical hemostatic agents. No omental wrap or mesh was used. To achieve retention of 20-30 % of the normal splenic volume, we usually had to resect up to 90 % of the spleen in patients with massive splenomegaly. After the resection, we created a distal splenorenal shunt. (Fig. 1) .
Results
The average operative time was 2.5 h and the mean blood loss related to surgery was 260 ± 132 ml. There was no perioperative mortality and all patients recovered from surgery uneventfully, with an average hospital stay of 7 days. There was no incidence of gastroesophageal bleeding after DSRS with partial resection of the spleen. Doppler ultrasonography was done before discharge to confirm shunt patency. The rate of shunt patency was 100 %. Shunt stenosis was detected in two patients: during the first week postoperatively in 1 and 2 months after the surgery in the other. Both patients underwent successful shunt angioplasty. The blood cell counts of all 16 patients recovered dramatically and remained stable and within normal range during follow-up.
The median WBC and PLT counts were 7.53 ± 1. 16 (Fig. 3) , respectively. During follow-up of 1-7 years, all 16 children were asymptomatic, with improved quality of life, growth, and nutritional status. There were no episodes of variceal bleeding, sepsis or encephalopathy.
Statistical analysis revealed significant improvement in the PLT (F = 387.724; p \ 0.01) and WBC counts (F = 377.657; p \ 0.01) during the observation period. Subsequent comparison showed highly significant improvement from the preoperative values in the PLT and WBC counts, 1 month after surgery (F = 741.016; p \ 0.01 and F = 378.392; p \ 0.01, respectively), as well as 1 year after surgery (F = 710.134; p \ 0.01 and F = 788.729; p \ 0.01, respectively).
The mean z scores for height (-0.40) and weight (-0.46) but not for BMI (-0.23) were significantly below the mean for the general population before surgery. All three scores were increased 1 year after surgery ( Table 1 ). The mean height increased to -0.14 (p = 0.25), the mean weight increased to 0.26 (p \ 0.01), and the mean BMI increased to 0.32 (p \ 0.01).
The abdominal discomfort and pain caused by the enlarged spleen disappeared after the operation. The general well-being, growth, and quality of life of all the children improved remarkably. Control ultrasound, tomography and scintigraphy 1 year after the operation confirmed the presence of functional splenic remnants without significant size alteration. There were no signs of reccurent hypersplenism.
Discussion
Portal hypertension surgery is usually reserved for patients in whom endoscopic variceal obliteration has failed to prevent bleeding or has resulted in profound hypersplenism. With the increasing success of endoscopic management of esophageal or gastric varices, hypersplenism, and its accompanying hematological abnormalities is becoming more common. Children with EHPVO, massive splenomegaly and severe hypersplenism have poorer quality of life and often require medical interventions, even though their liver function is relatively normal. Hypersplenism itself is not a contraindication to DSRS, as significant short-term improvements in leucopenia and thrombocytopenia have been observed. Marni and associates [6] reported significant increase in the PLT count after DSRS in 17 out of 19 patients. Ferrara and associates [7] also described the correction of leucopenia in 57 % of patients, and thrombocytopenia in 78 % of patients after DSRS.
A group of Japanese investigators [8, 9] noted a significant reduction in spleen volume, followed by an increase in PLT count after DSRS. In recent years, embolization of the spleen has been performed with some success; however, it only partially corrected splenomegaly and hypersplenism [10] . According to one report, it was most successful for hypersplenism associated with biliary atresia [11] .
Partial splenic embolization is ineffective if the hypersplenism is severe and if the spleen is excessively large [12] . There is also a high recurrence rate associated with this procedure. In 1994, Czech surgeons published a case report describing resection of the spleen combined with DSRS [13] . A group from Brazil [14] reported the results of subtotal splenectomy combined with a central spleno-renal shunt, which is substantially different approach from DSRS with partial resection of the spleen, because it is completely diverting portal blood from the liver. Central shunt operations with splenic preservation could be successful for reversing mild to moderate hypersplenism. However, massive enlargement of the spleen with severe hypersplenism is often refractory to such procedures [15, 16] . In 1998, Li and associates [17] published their results of treating hypersplenism with subtotal splenectomy, but without shunt surgery. Radević and associates [18, 19] treated more than 50 adult patients with various types of portal hypertension by performing shunt procedures and subtotal splenectomy. Subhasis and associates [4] also reported their experience of performing splenectomy and esophagogastric devascularization in 14 children with EHPVO.
Currently, a meso-Rex bypass is the optimal approach to EHPVO, but this operation can be done only if there is a suitable large and reasonably intact intrahepatic portal venous tree in the liver [20, 21] . The successful management of EHPVO by the meso-Rex bypass was reported in small children with mild splenomegaly and hypersplenism [22] . In the absence of suitable anatomy for a meso-Rex bypass, a DSRS is an effective and reliable procedure for portal hypertension in children, which will provide symptomatic relief from portal hypertensive bleeding and hypersplenism.
Although decompression of the spleen and correction of thrombocytopenia and leucopenia may be accomplished by DSRS or a meso-Rex bypass, the deleterious effects of hypersplenism on peripheral blood persist, especially in patients with massive splenomegaly. An enlarged spleen is associated with abdominal pain and discomfort, growth retardation and a risk of trauma, resulting in poor quality of life [23] .
Partial resection of the spleen with DSRS is an original surgical technique that controls the symptoms of hypersplenism by reducing the enlarged spleen. This operation conserves one segment of the spleen with its vascularization, which corresponds in size to a normal spleen.
Partial splenectomy appears to be safe, effective, and technically feasible and should be considered for hypersplenic children with bleeding varices. Considering the risk of overwhelming sepsis after splenectomy, especially in small children, preservation of the spleen and its immunological function is very important. We think that partial resection of the spleen is a reasonable alternative for severe hypersplenism and massive splenomegaly and should be chosen over splenectomy for children of any age with EHPVO. As with all children after partial splenectomy, moderate splenic regrowth occurs over time; however, it is important to monitor that this regrowth does not appear to be associated with the recurrent symptoms of hypersplenism. Further studies on a larger number of cases are warranted to evaluate this therapeutic approach for children with EHPVO, massive splenomegaly and severe hypersplenism.
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